Automatic or Automated Parking Systems (APSs) would have spatial configurations that depend on both or any of the following factors: 1) its operations and 2) the physical structure design. Without a modeling method, designing and configuring an APS could be relatively challenging and result to special instances of APSs. On the other hand, a modeling method for this purpose would facilitate representing the spaces and operations used by APSs thus aid their design and configuration, and possibly make them adaptive to physical space constraints. This study developed such method for modeling the spaces and operations of APSs allowing their design and configuration to be highly flexible. It involved defining an approach for spatial representations and establishing a model for representing the operations of autonomous parking devices of APSs. The implementation of the spatial representations and operations model into a data structure suitable for computer programming was also described. A number of configuration examples based on those offered by current APS service providers and a few hypothetical APS designs were used to test the applicability of the method. 
Introduction
Current Automatic or Automated Parking Systems (APSs) would have specific spatial configurations for the spaces or the parking slots and areas used for delivering the cars into and out of the parking slots [3, 9] . They also employ varied computerized or autonomous devices that would execute said delivery of cars [7, 15] . These spatial configurations either depend on both or any of the following factors: 1) its operationshow the APS delivers the cars into and out of the parking slots and 2) the physical IRCHE 2017 structure design-the shape of its parking structure as may be constrained by shape of the lot or other structural requirements [1] [3, 9] . Without a modeling method, designing an APS, and even configuring it later, becomes very challenging and results to specialized instances of APSs [1] [3, 9] . It's for this reason that existing APS designs would be categorized as either a vertical, horizontal, circular or puzzle type [2] , [7] - [9] , [12] - [14] .
On the other hand, a modeling method for this purpose would facilitate representing the spaces used by the APS and provide high degree of abstraction about its operations and physical structure design thus allow a flexible way of designing or configuring APSs [3, 8, 9] . The availability of a modeling method could further facilitate the computer programming implementation of the spaces as an applicable data structure thereby allowing also direct usage of relevant algorithms that are readily available or those that could be derived from existing ones for operating the APS [4] .
Objectives
The main objective of this work is to establish a method for creating spatial and operations models that would allow flexibility to designing and configuring APSs.
The following are its specific objectives:
1. Describe an APS Spatial Model. This will establish an approach for representing the spaces in an APS.
Describe an APS Operations
Model. This is stablishing a model for representing robotic parking devices and their corresponding operations.
3. Identify an Applicable Data Structure. This will entail describing and demonstrating the use of a data structure suitable for computer programming implementation of both the spatial and operations models.
4. Test the Method. This will be focused on demonstrating the method's applicability and the flexibility it provides to APS design and configuration. IRCHE 2017 2. The use of pallets and operations for managing them were assumed integrateable with the other functions involving them thus were not considered in this study.
3. The algorithm used for operating the APS would be only for demonstrating basic and instantaneous operations. It assumes that the spaces being accessed are vacant thus does not include tests for simultaneous operations, parking and retrieval strategies, nor optimality.
Significance of the study
The study offers to standardize the designing and configuring processes for APSs at least in the spatial and operations aspects. It also provides a generalized APS model where identifying a better algorithm or set of algorithms for executing parking activities of an APS could be facilitated which in turn could lead to the creation of a better and generic control or operating system for APSs.
Studies that focus on the computer network for APSs may find the work relevant for identifying approaches how data communications may be done or improved depending on the algorithm identified for manipulating the devices.
On a higher perspective, it may serve as basis for modelling any system dealing with material flow, or could be directly applied to facilities that handle material storage and retrieval through use of robotic devices,.e.g. Automated storage and retrieval systems (AS/RSs).
Methods

The APS spatial model
To create a spatial model of the APS, the spaces used should be viewed as rectangular prism units, identified per unit according to their usages, and appropriate labels are used to aid their identification.
The following spaces are identified as the typical spaces used by an APS and corresponding labels were suggested: 
The devices and their operations
To create an operations model for the APS, a model for each robotic device should also be established. To model each device, the following steps are required. ii. Transfer Elevator -an elevator capable of pushing or pulling its load along its major axes
iii. Wagon -a pre-loading device that moves horizontally along one of its axes and may run along continues rails and may be thought of as analogous to the elevator but for horizontal movements.
iv. Transfer Wagon -a wagon capable of pushing or pulling its load along one of its axes.
v. Carrier -an autonomous pre-loading device capable of all horizontal axial movements and rotation. It may be thought of as a robotic pallet thus it can ride onto other devices.
vi. Rotator or Rotating Table -a device for rotating clockwise or anticlockwise from 0 to 360 degrees a car or another device it is currently carrying 
Representing the models as data structure
By careful analysis, this spatial and operational configuration can be sufficiently represented as a graph. The spaces are the vertices while the devices with respective set of device functions needed to execute movement from an origin to a destination space or vertex may be assigned to the edges. Thus this follows the representation of a non-self-cyclic bidirectional graph
where V is the set of vertices with n ≥ 2 number of elements, and E is the set of edges where (u, v) ∈ V and u ≠ v.
As data structure for computer programming purposes, the graph may be represented as an array of vertices and an adjacency matrix of edges. With this, the identification of a suitable algorithm to be used for the APS control or operating system may be facilitated as algorithms, such as breadth-first-search (BFS), depth-first-search (DFS), or shortest-path [4] , may be applied to locate a space for parking or retrieval operations [1] .
Applying the method to popular current and hypothetical APS configurations
The method was used for modelling the following existing APS types. The detailed documentation of the application of the method is shown for Vertical or Tower Type APS to illustrate the method's application process. The graphs were implemented using an ArrayList of nodes (vertices) while
another ArrayList (edgesList) and an adjacency matrix (edgesMatrix) were used IRCHE 2017 
Algorithms
Although the execution of the basic operations can be directly done by manually identifying the series of functions that would be executed for a particular basic operation, a suitable algorithm instead was used to demonstrate that it is possible to employ one and automate the operations through its use. For this purpose, the algorithm in getPathDFS() method, which was based on DFS on graphs, was created and used for identifying the path from one node to another. Once the path is identified, the executions of the device functions were simulated using the IRCHE 2017 
Results Analysis and Discussion
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APS types or designs tested
The developed method was applied to design and configure popular and hypothetical 
Basic operations tested
The following basic operations were used to check if the created models or configurations would allow correct operations: 
Summary of tests and results
The following lists the types of APSs and the results of tests. A check mark indicates that the operation was successfully executed while occurrence of a cross mark would indicate the otherwise. 
Conclusion and Recommendation
Basing from the results of the simulations, the developed method therefore is applicable for modelling current APS designs and configurations. It can also be used to design and configure any APS as shown by its applicability to model even hypothetical APS samples.
During the testing process, it could be also observed that the representations of spaces and devices are mechanically done thus a candidate for automation.
Further studies can be done focusing on identifying optimal algorithms, creating a complete operating or control system for the devices, or building a generic APS Car
Parking and Retrieval Management System (CP/RS) while any of these future works may be more appreciable if the simulation could use graphical user interface (GUI) or, at best, some physical miniature models.
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